Background {#Sec1}
==========

Dynamics of fluid flow over a linear stretching/shrinking sheet plays very significant role in many manufacturing applications. The thin polymer sheet constitutes a continuously moving solid surface with a non-uniform surface velocity through an or else quiescent fluid. The cooling fluids in past times was selected to be the in large quantities available water, but this has the disadvantage of speedily quenching the heat leading to rapid solidification of the stretching sheet (see Andersson [@CR1], [@CR2], Fisher [@CR11], Siddheshwar and Mahabaleshwar [@CR18]). From the standpoint of desirable properties of the final product water does not seem to be the ideal cooling fluid.

The word of nanofluid refers to a solid--liquid mixture with a continuous phase which is a nanometer sized nanoparticle dispersed in conventional base liquids. Nanofluids are base-fluids containing suspended nanoparticles. These nanoparticles are typically mad of metals, oxides, or carbon nanotubes. There are a few well-known correlations for predicting the thermal and physical properties of nanofluids which are often cited by researchers to calculate the convective heat transfer behaviors of the nanofluids. The word "nanofluid" coined by Choi ([@CR7]) describes a liquid suspension containing ultra-fine particles (diameter less than 50 nm) (See Choi et al. [@CR8], Keblinski et al. [@CR13]). The first providing for this ground of Sakiadis ([@CR15], [@CR16], [@CR17]) he concentrated on the induced affected by the uniform motion of a continuous solid surface taking into account the laminar boundary layer approximation.

An exact analytical solution of the equation for a elastic sheet where the surface stretching velocity was proportional to the distance from the slot was given in Crane ([@CR9]). In this presentation, we will perform an analysis of a mathematical model describing the aforementioned process in which the ambient nanofluid in the presence of mass transfer is taken into consideration.

Solution of mathematical formulation {#Sec2}
====================================

We reflect on the steady laminar boundary two-dimensional (*x*, *y*) co-ordinate magnetohydrodynamic (MHD) flows of a nanofluid past stretching/shrinking sheet in the presence of presence of mass transfer. The liquid is electrically conducting in the presence of applied magnetic field with constant strength *B* ~0~ that is parallel to *y*-axis. The sheet is supposed extended in the *x*-direction such that the *x*-component of velocity varies linearly with *x* along its surface. It is assumed that the velocity distribution of the stretching/shrinking sheet is $\documentclass[12pt]{minimal}
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Conservation of mass and conservation linear momentum are given by$$\documentclass[12pt]{minimal}
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The bases for present analysis laminar boundary layer equations for an incompressible nanofluid.
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The associated boundary conditions on velocity are given by$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${u = \lambda u_{w} (x) = \lambda \alpha x,} \quad {{\text{v}} = {\text{v}}_{c} ,} \quad {{\text{at}}\, y = 0,}$$\end{document}$$ $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${u \to 0,}\quad {{\text{as}}\quad y \to \infty .}$$\end{document}$$

Laminar boundary layer flows induced by a continuous surface stretching with velocity $\documentclass[12pt]{minimal}
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Equations ([3](#Equ3){ref-type=""}) and ([4](#Equ4){ref-type=""}) admit self-similar solution of the appearance$$\documentclass[12pt]{minimal}
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In the stream function formulation Eq. ([6](#Equ6){ref-type=""}), Eqs. ([3](#Equ3){ref-type=""}) and ([4](#Equ4){ref-type=""}) reduce to$$\documentclass[12pt]{minimal}
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The associated boundary conditions are given by$$\documentclass[12pt]{minimal}
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We search the solution of the laminar boundary value problem (9) and ([10](#Equ11){ref-type=""}) in the following closed analytical form,$$\documentclass[12pt]{minimal}
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The discriminant of Eq. ([13](#Equ14){ref-type=""}) is positive when $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda \ge 0$$\end{document}$ and it can be negative, if $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda < 0$$\end{document}$. In the latter case the discriminant is non-negative only if$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda \ge \frac{{\left( {\Gamma_{1} \Gamma_{2} V_{c} } \right)^{2} }}{4} - \frac{Q}{{\Gamma_{2} }}.$$\end{document}$$
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Suppose now that the discriminant is ≥0 and distinguish some cases.
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-------------

Wall shearing stress $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau_{w}$$\end{document}$ the expression is given by:$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau_{w} = \, - \mu_{nf} \,\left( {\frac{\partial \,u}{\partial \,y}} \right)_{y\, = \,0} = - \frac{1}{{\left( {1 - \phi } \right)^{2.5} }}\rho_{f} \sqrt {\nu_{f} \alpha^{3} } x\,f_{\eta \eta } \left( 0 \right).$$\end{document}$$

Substituting $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$u = \alpha \,x\,\lambda e^{ - \beta \eta }$$\end{document}$ in Eq. ([14](#Equ18){ref-type=""}), we get$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\tau_{w} = \mu_{nf} \,\alpha^{3} \,x\,\beta \,\sqrt {\frac{\lambda }{{\nu_{f} }}} .$$\end{document}$$

Results and discussion {#Sec4}
======================

The present article is the generalization of the classical work of Crane ([@CR9]) flow and nanofluid driven by stretching/shrinking sheet with external magnetic field and suction. The classical Crane solution of the linear stretching sheet is extensive to include nanofluid, shrinking and suction/injection of weakly electrically conducting Newtonian fluids and also three types nanofluids, namely Copper (Cu), alumina (Al~2~O~3~) and Titania (TiO~2~) in water as the base fluid. The basic boundary layer equation of momentum field is mapped into highly nonlinear ordinary differential equations via similarity transformations. Similarity solution is obtained for the velocity distribution. The velocities are decreasing function of $\documentclass[12pt]{minimal}
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Figures [2](#Fig2){ref-type="fig"}, [3](#Fig3){ref-type="fig"} and [4](#Fig4){ref-type="fig"} reveals the influences of Chandrasekhar number *Q*, on the laminar boundary layer flow field. The presence of Chandrasekhar number *Q* sets in Lorentz force effect, which consequences in the retarding effect on the velocity field. As the values of Chandrasekhar number *Q*, increase, the retarding force increases and consequently the velocity decreases. The same effect is observed for increasing values of $\documentclass[12pt]{minimal}
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                \begin{document}$$f_{\eta }$$\end{document}$. These figures reveals that velocity profiles are going closer to the wall and the boundary layer thickness becomes thinner for the increasing *Q*. It is seen that the velocity is going closer to the wall and boundary layer thickness becomes thinner for larger *Q*. The reason behind this is that increase in *Q* results the increase in Lorentz force which in turn produce more resistance to the velocity field. Physically, present phenomena occur when magnetic field can induced current in the conductive fluid, then it create a resistive-type force on the fluid in the boundary layer, which slow down the motion of the fluid. So finally, it is conclude that magnetic field is used to control boundary layer separation. The thickness of MHD boundary layer also depends upon the $\documentclass[12pt]{minimal}
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Concluding remarks {#Sec5}
==================

The laminar boundary layer flows in a nanofluid induced as a result of motion of a stretching/shrinking sheet has been presented. We study only analytical solution of the problem and some important results of the study are concluded as follows:The axial velocity and transverse velocity, is a decreasing function of $\documentclass[12pt]{minimal}
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